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Hillsboro  Pond  Dam,  DE 


>This  report  cites  results  of  a  technical  investigation  as  to  the  dam's  ade¬ 
quacy.  The  inspection  and  evaluation  of  the  dam  is  as  prescribed  by  the 
National  Dam  Inspection  Act,  Public  Law  92-367.  The  technical  investigation 
includes  visual  inspection,  review  of  available  design  and  construction  records, 
and  preliminary  structural  and  hydraulic  and  hydrologic  calculations,  as 
applicable.  An  assessment  of  the  dam's  general  condition  is  included  in  the 
report  — — r 
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County,  Delaware  which  has  been  prepared  under  authorization  of  the  Dam 
Inspection  Act,  Public  Law  92-367.  A  brief  assessment  of  the  dam's 
condition  is  given  in  front  of  the  report. 


Based  on  visual  inspection,  available  records,  calculations  and  past 
operational  performance,  Millsboro  Pond  Dam,  a  high  hazard  potential  struc¬ 
ture,  is  judged  to  be  in  poor  overall  condition.  The  dam's  spillway  is 
considered  inadequate  because  a  flow  equivalent  to  six  percent  of  the 
Spillway  Design  Flood  -SDF-  would  cause  the  dam  to  be  overtopped.  (The  SDF, 
in  this  instance,  is  the  Probable  Maximus  Flood.)  The  decision  to  consider 
the  spillway  "inadequate"  instead  of  "seriously  inadequate"  is  based  on  the 
determination  that  dam  failure  from  overtopping  would  not  significantly 
increase  the  hazard  to  loss  of  life  downstream  from  the  dam  from  that  which 
would  exist  just  before  overtopping  failure.  To  ensure  adequacy  of  the 
structure,  the  following  actions,  as  a  minimum,  are  recommended: 

a.  The  spillway's  adequacy  should  be  determined  by  a  qualified 
professional  consultant  engaged  by  the  owner  using  more  sophisticated 
methods,  procedures,  and  studies  within  six  months  from  the  date  of  approval 
of  this  report.  Within  three  months  of  the  consultant's  findings  remedial 
measures  to  ensure  spillway  adequacy  should  be  initiated. 

b.  Within  three  months  from  the  date  of  approval  of  this  report, 
engineering  studies  and  analyses  should  be  initiated  to  determine  the  dam's 
embankmen  t  condition  and  structural  stability.  This  should  include 
subsurface  investigations  to  determine  material  properties  relative  to 
stability  and  seepage.  Any  remedial  measures  found  necessary  should  be 
initiated  within  calendar  year  1980. 

c.  The  following  remedial  actions  should  be  initiated  within  three 
months  from  the  date  of  approval  of  this  report: 


(1)  Riprap  should  be  placed  on  the  upstream  slope  from  the  drawdown 
level  (Elev.  0.75)  to  the  top  of  the  dam  to  protect  against  erosion. 
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Honorable  Pierre  S.  DuPont 

(2)  The  vegetation  on  the  downstream  slope  should  be  cut.  Any 
bushes  or  small  trees  should  be  removed  from  the  embankment. 

(3)  A  regular  maintenance  program  should  be  developed  and 
implemented. 

(4)  A  downstream  warning  system  should  be  developed.  During  periods 
of  heavy  rainfall ,  the  dam  should  be  monitored  and  downstream  residents 
should  be  alerted  in  the  event  of  impending  failure. 

(5)  An  emergency  action  plan  should  be  developed  which  outlines 
actions  to  be  taken  by  the  owner  to  minimize  the  downstream  effects  of  an 
emergency. 

A  copy  of  the  report  is  being  furnished  to  Mr.  John  E.  Wilson  III,  Delaware 
Department  of  Natural  Resources  and  Environmental  Control,  the  designated 
State  Office  contact  for  this  Program.  Within  five  days  of  the  date  of  this 
letter,  a  copy  will  also  be  sent  to  Congressman  Thomas  B.  Evans.  Under  the 
provisions  of  the  Freedom  of  Information  Act,  the  inspection  report  will  be 
subject  to  release  by  this  office,  upon  request,  thirty  days  after  the  date 
of  this  letter. 

Additional  copies  of  this  report  may  be  obtained  from  the  National  Technical 
Information  Services  (NTIS),  Springfield,  Virginia,  22161  at  a  reasonable 
coat.  Please  allow  four  to  six  weeks  from  the  date  of  this  letter  for  NTIS 
to  have  copies  of  the  report  available. 

An  important  aspect  of  the  Dam  Inspection  Program  will  be  the  implementation 
of  the  recosmiendations  made  as  a  result  of  the  inspection.  We  accordingly 
request  that  we  be  advised  of  proposed  actions  taken  by  the  State  to 
implement  our  recommendations. 


Sincerely, 


1  Incl  JAMES  G.  TON 

As  stated  Colonel,  Corps  of  Engineers 

District  Engineer 

Copies  Furnished: 

Mr.  John  E.  Wilson  III,  Acting  Secretary 
Department  of  Natural  Resources  and 
Environmental  Control 
Edward  Tatnall  Bldg. 

Dover,  DE  19901 

Mr.  William  R.  Ratledge,  Director 
Division  of  Soil  4  Water  Conservation 
DDMt  4  EC 
Dover,  DE  19901 
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MILLSBORO  POND  DAM  (DE00018) 

CORPS  OF  ENGINEERS  ASSESSMENT  OF  GENERAL  CONDITIONS 

This  dam  was  inspected  on  27  September  1979  by  O'Brien  &  Gere  Engineers, 
Inc.,  under  contract  to  the  U.S.  Army  Engineer  District,  Philadelphia  in 
accordance  with  the  National  Dam  Inspection  Act,  Public  Law  92-367. 

Millsboro  Pond  Dam,  a  high  hazard  potential  structure,  is  judged  to  be  in 
poor  overall  condition.  The  dam's  spillway  is  considered  inadequate  because 
a  flow  equivalent  to  six  percent  of  the  Spillway  Design  Flood  -SDF-  would 
cause  the  dam  to  be  overtopped.  (The  SDF,  in  this  instance,  is  the  Probable 
Maximtaa  Flood.)  The  decision  to  consider  the  spillway  "inadequate"  instead 
of  "seriously  inadequate"  is  based  on  the  determination  that  dam  failure 
from  overtopping  would  not  significantly  increase  the  hazard  to  loss  of  life 
downstream  from  the  dam  from  that  which  would  exist  just  before  overtopping 
failure.  To  ensure  adequacy  of  the  structure,  the  following  actions,  as  a 
minimus,  are  reconsended: 

a.  The  spillway's  adequacy  should  be  determined  by  a  qualified 
professional  consultant  engaged  by  the  owner  using  more  sophisticated 
methods,  procedures,  and  studies  within  six  months  from  the  date  of  approval 
of  this  report.  Within  three  months  of  the  consultant's  findings  remedial 
measures  to  ensure  spillway  adequacy  should  be  initiated. 

b.  Within  three  months  from  the  date  of  approval  of  this  report, 
engineering  studies  and  analyses  should  be  initiated  to  determine  the  dam's 
embankment  condition  and  structural  stability.  This  should  include 
subsurface  investigations  to  determine  material  properties  relative  to 
stability  and  seepage.  Any  remedial  measures  found  necessary  should  be 
initiated  within  calendar  year  1980. 

c.  The  following  remedial  actions  should  be  initiated  within  three 
months  from  the  date  of  approval  of  this  report: 

(1)  Riprap  should  be  placed  on  the  upstream  slope  from  the  drawdown 
level  (Elev.  0.75)  to  the  top  of  the  dam  to  protect  against  erosion. 

(2)  The  vegetation  on  the  downstream  slope  should  be  cut.  Any 
bushes  or  small  trees  should  be  removed  from  the  embankment. 

(3)  A  regular  maintenance  program  should  be  developed  and 

implemented. 

(4)  A  downstream  warning  system  should  be  developed.  During  periods 
of  heavy  rainfall,  the  dam  should  be  monitored  and  downstream  residents 
should  be  alerted  in  the  event  of  impending  failure. 
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(5)  An  emergency  action  plan  should  be  developed  which  outlines 
actions  to  be  taken  by  the  owner  to  minimize  the  downstream  effects  of  an 
emergency. 


APPROVED: 

Colonel,  Corps  of  Engineers 
District  Engineer 
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PREFACE 


This  report  is  prepared  under  guidance  contained  in  the  Recommended 
Guidelines  for  Safety  Inspection  of  Dams,  for  Phase  I  Investigations.  Copies  of  these 
guidelines  may  be  obtained  from  the  Office  of  Chief  of  Engineers,  Washington,  D.C. 
20314.  The  purpose  of  a  Phase  I  Investigation  is  to  identify  expeditiously  those  dams 
which  may  pose  hazards  to  human  life  or  property.  The  assessment  of  the  general 
condition  of  the  dam  is  based  upon  available  data  and  visual  inspections.  Detailed 
investigation,  and  anlayses  involving  topographic  mapping,  subsurface  investigations, 
testing,  and  detailed  computational  evaluations  are  beyond  the  scope  of  a  Phase  I 
Investigation;  however,  the  investigation  is  intended  to  identify  any  need  for  such 
studies. 

In  reviewing  this  report,  it  should  be  realized  that  the  reported  condition  of 
the  dam  is  based  on  observations  of  field  conditions  at  the  time  of  inspection  along 
with  data  availabe  to  the  inspection  team.  It  is  important  to  note  that  the  condition 
of  a  dam  depends  on  numerous  and  constantly  changing  internal  and  external 
conditions,  and  is  evolutionary  in  nature.  It  would  be  incorrect  to  assume  that  the 
present  condition  of  the  dam  will  continue  to  represent  the  condition  of  the  dam  at 
some  point  in  the  future.  Only  through  continued  care  and  inspection  can  there  be 
any  chance  that  unsafe  conditions  be  detected. 

Phase  I  inspections  are  not  intended  to  provide  detailed  hydrologic  and 
hydraulic  analyses.  In  accordance  with  the  established  Guidelines,  the  Spillway  Test 
flood  is  based  on  the  estimated  "Probable  Maximum  Flood"  for  the  region  (greatest 
reasonably  possible  storm  runoff),  or  fractions  thereof.  The  test  flood  provides  a 
measure  of  relative  spillway  capacity  and  serves  as  an  aid  in  determining  the  need  for 
more  detailed  hydrologic  and  hydraulic  studies,  considering  the  size  of  the  dam,  its 
general  condition  and  the  downstream  damage  potential. 
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NATIONAL  DAM  INSPECTION  PROGRAM 


Name  of  Dam: 
State  Located: 
County  Located: 
Stream: 
Coordinates: 

Date  of  Inspection: 


Millsboro  Pond  Dam  ID  #  DE  00018 

Delaware 

Sussex 

Indian  River 

Latitude  38°  35.7',  Longitude  75°  17.5' 

September  27,  1979 


ASSESSMENT 


Based  on  visual  observations  made  during  the  date  of  the  inspection,  infor¬ 
mation  made  available  by  the  Delaware  Department  of  Natural  Resources  and 
Environmental  Control  (DNREC),  and  conversations  with  the  owner's  representative, 
Millsboro  Pond  Dam  (owned  by  the  Delaware  State  Highway  Department)  is 
considered  to  be  in  overall  poor  condition.  A  partial  failure  of  the  dam  occurred  in 
February  of  1979.  On  the  date  of  the  inspection,  it  was  apparent  that  temporary 
repairs  had  been  effected. 

The  dam  is  a  homogeneous  earth  embankment  approximately  400  feet  in  length 
with  a  maximum  height  of  about  12  feet.  The  embankment  appears  to  be  composed 
entirely  of  a  relatively  pervious  material  (sandy  soil)  with  no  seepage  barriers  or 
erosion  protection.  The  upstream  slope  has  eroded  to  an  approximate  slope  of  1 
horizontal  to  2  vertical  (1H:2V)  and  appears  to  be  unstable.  The  downstream  slope  is 
overgrown  with  vegetation. 

The  recommended  Spillway  Design  Flood  (SDF)  for  this  Intermediate  size,  High 
hazard  dam  is  the  Probable  Maximum  Flood  (PMF).  Examination  of  the  results  of 
the  hydrologic  and  hydraulic  analyses  indicates  that  the  spillway  is  capable  of 
discharging  approximately  5  percent  of  the  SDF  prior  to  overtopping  of  the 
embankment.  Therefore,  the  spillway  is  classified  as  "Inadequate,"  but  not 
"Seriously  Inadequate"  because  a  failure  of  the  dam  would  not  appear  to  cause  a 
significant  increase  in  hazard  to  loss  of  life  downstream. 

Recommendations  and  remedial  measures  which  should  be  initiated  immediately 
are  as  follows: 
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a.  Facilities 


1.  Detailed  hydrologic  and  hydraulic  analyses  should  be  performed  to  deter¬ 
mine  the  need  and  type  of  mitigating  measures  necessary.  These  analyses  should 
include  an  assessment  of  the  downstream  hazard  potential  that  would  result  from  a 
failure  of  the  dam  with  tidal  conditions  taken  into  account. 

2.  Seepage  and  stability  analyses  for  the  embankment  should  be  performed  to 
establish  what  remedial  measures  may  be  necessary  to  render  the  embankment  safe. 
The  required  remedial  measures  should  be  constructed  following  the  completion  of 
the  analyses. 

3.  Riprap  should  be  placed  on  the  upstream  slope  from  the  drawdown  level 
(Elev.  0.75)  to  the  top  of  the  dam  to  protect  against  erosion. 

4.  The  vegetation  on  the  downstream  slope  should  be  cut.  Any  bushes  or 
small  trees  should  be  removed  from  the  embankment. 

b.  Operation  and  Maintenance  Procedures 

1.  A  regular  maintenance  program  should  be  developed  and  implemented. 

2.  A  downstream  warning  system  should  be  developed.  During  periods  of 
heavy  rainfall,  the  dam  should  be  monitored  and  downstream  residents  should  be 
alerted  in  the  event  of  an  impending  failure. 

3.  An  emergency  action  plan  should  be  developed  which  outlines  actions  to  be 
taken  by  the  owner  to  minimize  the  downstream  effects  of  an  emergency. 
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PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  INSPECTION  PROGRAM 
MILLSBORO  POND  DAM 
INVENTORY  NUMBER  -  DE  00018 


SECTION  1 

PROJECT  INFORMATION 


1.1  General 

a.  Authority.  This  report  is  authorized  by  the  Dam  Inspection  Act,  Public 
Law  92-36?,  and  has  been  prepared  in  accordance  with  contract  it  DACW  61-78-C- 
0052  between  O'Brien  &  Gere  Engineers  and  the  United  States  Army  Corps  of 
Enginers,  Philadelphia  District. 

b.  Purpose  of  Inspection.  The  purpose  of  this  inspection  is  to  evaluate  the 
structural  and  hydraulic  condition  of  Millsboro  Pond  Dam  and  appurtenant  structures 
and  to  determine  if  the  dam  constitutes  a  hazard  to  human  life  or  property. 

1.2  Project  Description  (Based  on  information  obtained  from  the  Delaware 
Department  of  Natural  Resources  and  Environmental  Control  (DNREC)  Dover, 
Delaware). 

a.  Description  of  Dam  and  Appurtenances.  Millsboro  Pond  Dam  is  a 
homogeneous  earth  embankment  approximately  400  feet  long  with  a  maximum 
height  of  about  12  feet.  A  4-lane  highway  (Delaware  Route  24)  forms  the  top  of  the 
embankment,  which  is  approximately  60  feet  wide. 

The  spillway  is  a  concrete,  sharp-crested  weir  with  a  semicircular 
configuration  and  a  downstream  face  that  is  sloped  2H:1V  (Refer  to  Figure  3  in 
Appendix  E).  The  arc  length  of  the  spillway  crest  is  81.7  feet  and  the  crest 
elevation  is  4.75  (approximately  5.4  feet  below  the  low  point  in  the  top  of  the  dam). 
Stoplog  gates  that  are  4  feet  high  and  5  feet  wide  are  located  at  each  end  of  the 
semicircular  weir.  Spillway  discharge  is  directed  into  a  20-foot  wide,  8.5-foot  high 
opening  (beneath  the  bridge)  which  extends  approximately  60  feet  through  the  base 
of  the  embankment. 

The  stoplog  gates  may  be  operated  by  hand  wheels  which  are  accessible 
from  the  top  of  the  dam  by  means  of  concrete  walkways. 

b.  Location.  Millsboro  Pond  Dam  is  located  on  the  Indian  River  in  the  town 
of  Millsboro,  Sussex  County,  Delaware.  The  site  is  in  the  northern  portion  of 
Millsboro,  a  community  with  a  1970  population  of  1,073,  and  is  shown  on  the  USGS 
Quadrangle  entitled,  "Millsboro,  Del"  at  coordinates  N  38°  35.7',  W  75°  17.5'.  A 
regional  location  map  of  Millsboro  Pond  Dam  is  included  as  Figure  1  in  Appendix  E. 
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c.  Size  Classification.  Millsboro  Pond  Dam  has  a  maximum  height  of  about 
12  feet  which  would  place  it  in  the  Small  size  dam  category  because  it  is  less  than 
40  feet  high.  However,  since  it  has  a  maximum  storage  capacity  of  approximately 
1,475  acre-feet  it  is  classified  as  an  Intermediate  size  dam  because  it  has  greater 
than  1,000  acre-feet  but  less  than  50,000  acre-feet  maximum  storage. 

d.  Hazard  Classification.  Three  houses  (with  base  elevations  of  approxi¬ 
mately  5.0)  are  located  on  the  left  bank  (looking  downstream)  of  the  Indian  River 
and  a  playground  is  located  on  the  right  bank  of  the  river  immediately  downstream 
of  the  dam.  The  Millsboro  wastewater  treatment  plant  is  located  downstream  of  the 
playground.  A  4-lane  highway  (Delaware  Route  24)  is  located  across  the  top  of  the 
embankment.  A  failure  of  the  dam  would  result  in  extensive  property  damage  and 
possible  loss  of  life.  Therefore,  the  dam  is  classified  in  the  High  hazard  category. 

e.  Ownership.  Millsboro  Pond  Dam  and  its  appurtenant  structures  are  owned 
by  the  Delaware  Department  of  Transportation,  Division  of  Highways,  Dover, 
Delaware,  19901.  According  to  the  owner's  representative,  the  pond  is  owned  by  the 
town  of  Millsboro. 

f.  Purpose  of  Dam.  The  original  purpose  of  the  dam  is  unknown.  The  dam 
presently  supports  a  4-lane  highway  and  the  pond  is  used  for  recreation. 

g.  Design  and  Construction  History.  No  information  is  available  concerning 
the  original  design  and  construction  of  the  dam.  The  current  spillway  system  was 
designed  in  1964  by  the  Delaware  State  Highway  Department.  Construction  of  the 
spillway  was  completed  in  1966.  Following  the  partial  failure  of  the  dam  in 
February  of  1979,  temporary  repairs  to  the  embankment  and  highway  were  effected. 

h.  Normal  Operating  Procedures.  According  to  Mr.  John  H.  McWilliams,  the 
Sussex  County  District  Engineer  for  the  Delaware  State  Highway  Department,  the 
stoplog  gates  are  only  operated  to  draw  the  reservoir  down  for  maintenance  of  the 
dam  or  cleaning  of  the  reservoir. 

1.3  Pertinent  Data 


a.  Drainage  Area. 


Sguare  Miles 

61.5 

Discharge  at  Dam  Site  (cfs). 

Spillway  Capacity 

1,190 

Elevation  (feet  above  MSL). 

Spillway  crest  (normal  pool) 

Top  of  Dam  (maximum  pool) 

Streambed  at  downstream  toe  of  dam 

4.75 
10.0 
•2.0  (est.) 

t 
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Reservoir  Length  (miles). 

Normal  pool 

1.1 

Maximum  pool 

2.6 

Storage  (acre -feet). 

Normal  pool 

375 

Maximum  pool 

1,475 

f.  Reservoir  Surface  Area  (acres). 


f 


Normal  pool 
Maximum  pool 

g.  Dam  Data. 

Type 
Length 
Height 
Top  Width 

Side  Slopes 

Zoning 

Impervious  Core 
Cutoff 

Grout  Curtain 

h.  Spillway. 

Type 


Crest  Length 
Crest  Elevation 
Gates 


Upstream  Channel 
Downstream  Channel 


105 

336 


Earth 
400  feet 
12  feet 
60  feet 

Eroded  to  1H:2V  (upstream) 
2H:1V  (downstream) 
None 
None 
Unknown 
None 


Semicircular  sharp-crested  con¬ 
crete  weir  with  sloped  downstream 
face  and  stoplog  bays  on  both  sides 
(see  Figure  3  in  Appendix  E). 

81.7  feet  (arc  distance) 
4.75 

A  4-foot  high  by  5-foot  wide  stop- 
log  gate  is  located  on  each  side  of 
the  spillway. 

None 

A  20-foot  wide,  8.5-foot  high 
opening  beneath  the  bridge  directs 
spillway  discharge  through  the 
embankment  for  a  distance  of  60 
feet  where  it  outlets  into  the 
Indian  River. 


i.  Outlet  Works.  The  outlet  works  consist  of  the  stop  log  gates  which 
function  as  a  part  of  the  spillway  when  closed.  These  gates  are  operated  by  hand 
wheels  that  are  accessible  from  the  top  of  the  dam  by  means  of  concrete  walkways. 
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SECTION  2 
ENGINEERING  DATA 


2.1  Design 

a.  Data  Available.  The  engineering  data  made  available  by  the  Delaware 
DNREC  consists  of  a  set  of  4  design  drawings  (dated  1964)  for  the  new  spillway  and 
the  highway. 

b.  Design  Features.  The  principal  design  features  for  this  structure  are 
discussed  in  Section  1.2.a  and  shown  on  the  drawings  in  Appendix  E  of  this  report. 

2.2  Construction 


No  information  relative  to  the  original  construction  of  the  dam  is  available. 
The  spillway  system  was  redesigned  and  reconstructed  between  1964  and  1966. 

2.3  Operation 

Operational  features  are  limited  to  the  stoplog  gates  located  at  each  end  of 
(  the  spillway.  The  reservoir  may  be  drawn  down  four  feet  for  maintenance  purposes 
by  operating  these  gates  However,  the  normal  high  tide  elevation  of  the  Indian 
River  (2.5)  limits  the  depth  of  drawdown  during  high  tide  to  2.25  feet  below  the 
spillway  crest. 

2.4  Evaluation 


a*  Availability.  All  information  made  available  was  provided  by  DNREC. 
No  information  is  available  concerning  the  embankment  and  foundation  materials. 

b.  Adequacy.  The  information  made  available  by  DNREC,  conversations 
with  the  Owner's  representative,  and  observations  made  during  the  field  investi¬ 
gation  provided  adequate  data  for  a  Phase  I  evaluation. 

c.  Validity.  There  is  no  reason  to  question  the  validity  of  the  data  provided 
by  DNREC. 


1 


i 
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SECTION  3 


VISUAL  INSPECTION 


3.1  Findings 

a.  General.  The  field  inspection  of  Millsboro  Pond  Dam  took  place  on 
September  2 “l,  1979.  At  the  time  of  the  inspection,  the  stoplog  gates  had  been 
removed  and  the  reservoir  water  surface  was  approximately  3,8  feet  below  the 
spillway  crest  elevation.  No  underwater  areas  were  inspected.  The  observations 
and  comments  of  the  field  inspection  team  are  in  the  checklist  which  is  Appendix  B 
of  this  report.  The  appearance  of  the  facility  indicates  that  the  dam  and  its 
appurtenances  are  marginally  maintained. 

b.  Dam.  On  the  date  of  the  inspection,  the  reservoir  level  was  approxi¬ 
mately  3.8  feet  below  the  spillway  crest  elevation  due  to  a  recent  failure  of  the 
embankment.  According  to  Mrs.  Thelma  Monroe,  the  Mayor  of  Millsboro,  a  partial 
failure  of  the  dam  occurred  in  February  of  1979  during  non-overtopping  conditions. 
The  apparent  cause  of  failure  was  piping  through  the  embankment.  The  dam  has 
been  temporarily  repaired  since  the  failure,  and  a  temporary  road  and  bridge  have 
been  constructed  to  accommodate  the  motor  vehicle  traffic.  Observation  of  the 
exposed  portion  of  the  breached  section  indicates  that  the  entire  embankment  was 
constructed  with  a  relatively  pervious  (sandy)  material. 

The  upstream  face  of  the  embankment  to  the  left  of  the  spillway  (looking 
downstream)  has  been  eroded  to  a  rather  steep  slope  of  aproximately  1H:2V  and 
appears  to  be  unstable.  The  downstream  face  of  the  embankment  has  an  approx¬ 
imate  slope  of  2H:1V  and  is  overgrown  with  vegetation. 

c.  Appurtenant  Structures.  The  spillway  system  appears  to  be  in  good 
condition.  According  to  Mr.  McWilliams,  the  Owner's  respresentative,  the  stoplog 
gates  were  removed  subsequent  to  the  failure  of  the  embankment  in  order  to  draw 
down  the  reservoir. 

Two  pipes  that  appear  to  be  located  longitudinally  through  the  embank¬ 
ment  extend  above  the  top  of  the  dam  across  the  spillway  section.  According  to  Mr. 
McWilliams,  the  larger  of  these  pipes  (12-inch  diameter)  is  a  sewer  line  from  a 
nearby  hospital  and  the  smaller  pipe  (5-inch  diameter)  is  a  telephone  line  from  the 
same  hospital.  Both  pipes  were  installed  less  than  10  years  ago. 

d.  Reservoir  Area.  There  is  no  evidence  of  excessive  siltation,  slope 
instability,  or  other  features  that  would  adversely  affect  the  storage  capacity  of  the 
reservoir.  The  slopes  along  the  perimeter  of  the  reservoir  are  vegetated  and  on 
gentle  gradients  of  less  than  10  percent. 

e.  Downstream  Channel.  The  downstream  channel  is  the  Indian  River  which 
outlets  into  the  Indian  River  Bay  which,  in  turn  outlets  into  the  Atlantic  Ocean. 
Three  homes  are  located  along  the  left  bank  of  the  river  and  a  playground  and  a 
wastewater  treatment  plant  on  the  right  bank  of  the  river  which  could  be  subject  to 
flooding* 


SECTION  4 


OPERATIONAL  FEATURES 


4.1  Procedures 


The  Owner's  Respresentative  stated  that  the  stoplog  gates  had  been  operated 
occasionally  in  the  past  for  maintenance  purposes.  However,  the  stoplog  gates  have 
been  removed  since  the  partial  failure  of  the  dam  and  no  operating  procedures  are 
currently  in  effect. 

4.2  Maintenance  of  the  Dam 


According  to  the  Owner's  Respresentative,  maintenance  of  Millsboro  Pond 
Dam  is  the  responsibility  of  the  Sussex  County  office  of  the  Delaware  State 
Highway  Department,  located  in  Georgetown.  However,  no  established  maintenance 
program  has  been  established. 

4.3  Maintenance  of  Operating  Facilities 

The  only  operating  facilities  associated  with  this  dam  are  the  stoplog  gates 
which  have  been  temporarily  removed. 

4.4  Description  of  any  Warning  System  in  Effect 
No  warning  systems  are  in  effect  at  this  site. 

4.5  Evaluation  of  Operational  Adequacy 

A  regular  maintenance  program  should  be  developed  and  implemented  by  the 
Owner. 

A  downstream  warning  system  should  be  developed.  The  dam  should  be 
monitored  during  periods  of  heavy  rainfall,  and  downstream  residents  should  be 
alerted  in  the  event  of  an  impending  failure. 


SECTION  5 


HYDRAULICS  AND  HYDROLOGY 


5.1  Evaluation  of  Features 


a.  Design  Data.  No  hydrologic  or  hydraulic  design  data  was  provided  by 
DNREC.  The  design  drawings  provided  spillway  dimensions  and  characteristics  upon 
which  the  hydraulic  calculations  in  this  report  were  based. 

Millsboro  Pond  has  a  drainage  area  of  61.5  square  miles.  The  spillway  has 
an  estimated  discharge  capacity  of  1,190  cfs. 

For  further  information,  refer  to  the  computations,  data,  and  computer 
printout  included  in  Appendix  C  of  this  report. 

b.  Experience  Data.  No  rainfall  or  reservoir  level  records  are  maintained  for 
this  dam.  The  maximum  reservoir  elevation  of  record  is  not  known. 

c.  Visual  Observations.  On  the  date  of  the  inspection,  the  spillway  did  not 
appear  to  be  susceptible  to  blockage  from  debris. 

d.  Overtopping  Potential.  The  Spillway  Design  Flood  (SDF)  for  this  "Inter¬ 
mediate"  size,  "High"  hazard  structure  is  the  Probable  Maximum  Flood  (PMF).  The 
SDF  was  synthesized  from  the  Probable  Maximum  Precipitation  using  the  Snyder  unit 
hydrograph.  Hydrograph  coefficients  for  this  site  were  obtained  from  the  Philadelphia 
District,  Corps  of  Engineers.  The  SDF  hydrograph  was  routed  through  the  reservoir 
with  the  initial  water  surface  elevation  at  the  spillway  crest.  The  peak  inflow  and 
outflow  rates  for  the  SDF  were  determined  to  be  41,492  cfs  and  40,266  cfs 
respectively.  The  spillway  is  capable  of  discharging  approximately  5  percent  of  the 
SDF  prior  to  overtopping  of  the  embankment  (refer  to  Appendix  C  for  computations 
and  the  computer  printout). 

e.  Spillway  Adequacy.  The  spillway  is  considered  "Inadequate"  since  it  is 
incapable  of  discharging  the  PMF.  The  area  downstream  of  the  dam  consists  of  a  wide 
tidal  area  and  it  appears  that  the  water  surface  elevations  produced  by  a  dam  breach 
resulting  from  overtopping  conditions  should  not  significantly  affect  the  non-breach 
water  surface  elevations  downstream  of  the  dam. 

f.  Emergency  Drawdown.  The  reservoir  can  be  drawn  down  from  normal  pool 
(Elev.  4.75)  to  the  base  of  the  stoplog  gates  (Elev.  0.75)  in  approximately  45  hours,  or 
about  2  days  (see  Appendix  C  for  calculations). 
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SECTION  6 


STRUCTURAL  STABILITY 


6.1  Evaluation  of  Structural  Stability 

a.  Visual  Observations.  The  embankment  appears  to  have  been  constructed 
with  a  relatively  pervious  material  (sandy  soil)  with  no  seepage  barriers  or  erosion 
protection  provided.  Therefore,  the  dam  would  be  highly  susceptible  to  piping 
through  the  embankment  and  erosion  of  the  upstream  face  due  to  wave  action.  The 
breach  that  occurred  in  February  of  1979  appears  to  be  the  result  of  seepage 
through  the  embankment.  In  addition,  the  upstream  face  (to  the  left  of  the  spillway 
looking  downstream)  has  been  eroded  to  an  approximate  slope  of  1H:2V  and  appears 
to  be  unstable. 

The  downstream  slope  of  the  embankment  appears  to  be  stable.  However, 
the  thick  overgrowth  of  vegetation  creates  numerous  potential  seepage  paths  and 
hinders  a  detailed  investigation  of  the  condition  of  the  slope. 

b.  Design  and  Construction  Data.  The  spillway  system  appears  to  have  been 
constructed  in  general  conformance  with  the  1964  design  drawings.  No  information 
is  available  concerning  the  design  and  construction  of  the  original  embankment. 

c.  Operating  Records.  There  are  no  known  operating  records  for  Millsboro 
Pond  Dam. 

d.  Post  Construction  Changes.  The  spillway  system  was  redesigned  and 
reconstructed  between  1964  and  1966.  No  record  of  any  other  post  construction 
changes  is  available. 

e.  Seismic  Stability.  Millsboro  Pond  Dam  is  located  in  Seismic  Zone  1  of  the 
"Seismic  Zone  Map  of  Contiguous  States."  A  dam  located  in  Seismic  Zone  1  is 
generally  considered  to  be  safe  under  expected  Zone  1  earthguake  loading  conditions 
if  it  is  stable  under  static  loading  conditions.  Seepage  and  stability  analyses  are 
recommended  for  this  site  to  determine  static  stability. 
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SECTION  7 


i 


ASSESSMENT,  RECOMMENDATIONS,  &  PROPOSED  REMEDIAL  MEASURES 


7.1  Dam  Assessment 


a.  Safety.  The  visual  observations  indicate  that  the  embankment  portion  of 
the  MiUsboro  Pond  Dam  is  in  poor  condition.  The  deficiencies  and  problem  areas 
noted  in  Section  6.1.a  are  indicative  of  an  inadequate  design  of  the  original  dam  as 
well  as  a  general  lack  of  maintenance. 

The  spillway  is  capable  of  discharging  5  percent  of  the  SDF  prior  to 
overtopping  of  the  embankment.  Therefore,  the  spillway  is  classified  as  "Inade¬ 
quate,”  but  not  "Seriously  Inadequate"  because  a  failure  of  the  dam  would  not  appear 
to  cause  a  significant  incrase  in  hazard  to  loss  of  life  downstream. 

b.  Adequacy  of  Information.  The  information  made  available  by  DNREC, 
conversations  with  the  Owner's  Representative,  and  observations  made  during  the 
field  investigation  provided  adequate  data  for  a  Phase  I  evalution. 

c.  Urgency.  The  remedial  measures  recommended  in  Section  7.2  should  be 
initiated  immediately. 

d.  Necessity  for  Further  Investigation.  Further  investigations  should  be 
performed  in  accordance  with  7.2.a,  numbers  1  and  2.  _ 

7.2  Recommendations  and  Proposed  Remedial  Measures 

a.  Facilities. 

1.  Detailed  hydrologic  and  hydraulic  analyses  should  be  performed  to 
determine  the  need  and  type  of  mitigating  measures  necessary.  These  analyses 
should  include  an  assessment  of  the  downstream  hazard  potential  that  would  result 
from  a  failure  of  the  dam  with  tidal  conditions  taken  into  account. 

2.  Seepage  and  stability  analyses  for  the  embankment  should  be  per¬ 
formed  to  establish  what  remedial  measures  may  be  necessary  to  render  the 
embankment  safe.  The  required  remedial  measures  should  be  constructed  following 
the  completion  of  the  analyses. 

3.  Riprap  should  be  placed  on  the  upstream  slope  from  the  drawdown 
level  (Elev.  0.75)  to  the  top  of  the  dam  to  protect  against  erosion. 

4.  The  vegetation  on  the  downstream  slope  should  be  cut.  Any  bushes  or 
small  trees  should  be  removed  from  the  embankment. 
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b.  Operation  and  Maintenance  Procedures 


1.  A  regular  maintenance  program  should  be  developed  and  imple¬ 
mented. 


2.  A  downstream  warning  system  should  be  developed.  During  periods 
of  heavy  rainfall,  the  dam  should  be  monitored  and  downstream  residents  should  be 
alerted  in  the  event  of  an  impending  failure. 

3.  An  emergency  action  plan  should  be  developed  which  outlines  actions 
to  be  taken  by  the  owner  to  minimize  the  downstream  effects  of  an  emergency. 


APPENDIX 
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Check  List  Engineering  Data 
Design,  Construction,  Operation 


Phase  I 


RAINFALL/RESERVOIR  RECORDS  None  Available 


ITEM  REMARKS 


The  As-Built  Highway  elevations  are  included 
on  Figure  2  in  Appendix  E. 


MONITORING  SYSTEMS 


ITEM  remarks 
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Visual  Inspection 
Phase  I 


CHECK  LIST 


Mr.  Krishna  Patel,  Delaware  DNREC,  Mrs.  Thelma  Monroe,  Mayor  of  Millsboro,- Mr.  Charles 
West,  Delaware  State  .Representative,  and  Mr.  Gene  Campbell,  County  Democratic  Chairman 
for  Sussex  County,  were  also  present  during  the  inspection. 
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There  was  no  riprap  observed. 
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Site  Geology 


SITE  GEOLOGY 
MILLSBORO  POND  DAM 


Millsboro  Pond  Dam  is  located  in  the  Coastal  Plain  physiographic  province 
which  is  composed  of  unconsolidated  sedimentary  deposits.  These  beds  form  a 
wedge-shaped  mass  that  is  exposed  at  the  fall  line  and  thickens  in  a  southeasterly 
direction  towards  the  Atlantic  Ocean.  This  wedge-shaped  mass  consists  largely  of 
unconsolidated  clays,  silts,  sands,  and  gravels  which  reach  a  thickness  of  more  than 
8,000  feet  in  southeastern  Delaware. 

The  soils  in  the  Millsboro  area  are  of  the  Chesapeake  Group  which  consists 
mainly  of  bluish  gray  silt  with  quartz  sand  and  some  shell  beds. 


